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METHOD AND ARRANGEMENT TO 
SYNCHRONIZE A MULTI-CARRIER 

TRANSMISSION SYSTEM 

[0001] The present invention relates to a method and an 
arrangement to synchronize a multi-carrier transmission 
system. 

[0002] Amulti-carrier transmission system uses a plurality 
of carriers to send data from a transmitter to a receiver. For 
instance, 256 modulated carriers With equidistant frequen 
cies transmit data in a system operating according to the 
Asymmetric Digital Subscriber Line (ADSL) technology. 

[0003] In such an ADSL system, data is transmitted by 
packets or cells called Discrete Multi Tone (DMT) symbols. 
Each DMT symbol is coded by the superposition of the 256 
carriers during a predetermined length in time. In other 
Words, a continuous How of consecutive DMT symbols is 
transmitted by the carriers from the transmitter to the 
receiver. 

[0004] To treat the transmitted data, the receiver must 
detect each block of data Which corresponds to each DMT 
symbol. This detection operates With clocks equipping the 
transmitter and the receiver. More precisely, the transmitter 
clock determines the length in time allocated to each DMT 
symbol While the receiver clock measures such predeter 
mined length in time so that the data received during this 
period can be attributed to a DMT symbol. 

[0005] Therefore, data transmission requires an eXact syn 
chroniZation betWeen the transmitter’s clock and the receiv 
er’s clock. OtherWise, if the transmitter clock and the 
receiver clock are not synchroniZed, the blocks of data 
treated by the receiver do not correspond to the transmitted 
DMT symbols, the receiver being in consequence unable to 
decode the transmitted data. 

[0006] To guarantee the synchroniZation betWeen the 
transmitter and the receiver clock, it is knoWn to use one of 
the transmitted carriers, hereinafter called pilot tone, for 
synchroniZation purposes. For instance, ADSL systems 
commonly use a frequency of 276 kHZ for coding data 
tuning the transmitter and the receiver clocks. 

[0007] Disappointingly, the presence of noise in the vicin 
ity of the pilot tone frequency leads to a reduction of the pilot 
tone quality, i.e. to a probable loss of synchroniZation 
betWeen the transmitter and the receiver. In this case, the 
system fails to transmit information or is degraded in 
performance. 

[0008] The patent EP 0785645 discloses a method to 
synchroniZe a transmitter and a receiver Which operate 
correctly even When noise and/or disturbances appear in the 
vicinity of the pilot tone frequency. According to this 
method, the pilot tone is adaptively selected among the 
carriers transmitted betWeen tWo stations in function of the 
noise affecting such carriers. 

[0009] More precisely, the noise affecting each carrier is 
determined at the initialisation of the transmission system 
through a predetermined noise criterion to be ful?lled, the 
pilot tone function being allocated to a carrier ful?lling this 
criterion. Thereafter, during normal operation of the system, 
noise is determined repetitively on each carrier so that 
another pilot tone is selected Within the transmitted carriers 
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Whenever the predetermined noise criterion is no longer 
ful?lled by the carrier operating as a pilot tone. 

[0010] Thus, Whenever the transmission quality of a pilot 
tone becomes poor, the pilot tone function is allocated to a 
less noisy carrier. In this Way, by selecting adaptively the 
carrier operating the pilot tone function, the synchroniZation 
of the system is adapted to the disturbances affecting the 
frequencies. 

[0011] FIGS. 1a, 1b and 1c represent schematically an 
eXample of pilot tone function reallocation according to the 
previously described method of adaptive allocation. In this 
eXample, the multi-carrier system is limited to four carriers 
14, 16, 18 and 20 of respective frequencies f14, f16 f18 and 
fZO. These carriers are represented in FIG. 1a according to 
their modulating frequency f (axis 12) and the noise N 
affecting their transmission. 

[0012] The noise Ni modi?es the phase error Qi, i.e. the 
difference of phase or distance betWeen the received phase 
@ and an expected phase QM for each carrier. To evaluate 
the noise Ni affecting each carrier i, the phase error distri 
bution AQH generated by such noise Ni i is determined. 

[0013] At the initialisation of the system, data is transmit 
ted by the carriers 14, 16 and 20 of frequencies f14, f16 and 
f2O Whereas the carrier 18 of frequency f18 is only used to 
synchroniZe the transmitter and the receiver. For clarity, it is 
therefrom considered in this eXample that pilot tones do not 
carry data. 

[0014] Carrier 18 has been selected as pilot tone since it 
ful?ls, at the initialisation of the system represented in FIG. 
1a, a predetermined quality transmission requirement. In 
this eXample, such requirement is the highest signal to noise 
ratio by squared frequency product. 

[0015] At one point represented in FIG. 1b, the noise 
affecting the transmission of the carrier 18 has increased, the 
phase error dispersion AQls having reached a maXimum 
AQM admissible by the system. Therefore, according to the 
invention, the pilot tone function changes from the carrier 18 
to a less disturbed carrier 14, alloWing thereby a better 
synchroniZation betWeen the transmitter and the receiver. 

[0016] The patent EP 0903897 discloses another method 
to improve the synchroniZation betWeen a transmitter clock 
and a receiver clock in a multi-carrier system. According to 
this method, a time misalignment betWeen a transmitter and 
a receiver, in a multi-carrier system, is corrected by deter 
mining a phase error average based on a plurality of pilot 
tones phases errors. 

[0017] It is important to underline that a time misalign 
ment, or clock timing error, affects all the carriers’ phases. 
Indeed, if the receiver clock is misaligned relatively to the 
transmitter clock, a phase error proportional to the frequency 
is generated for all the carriers transmitted. 

[0018] Brie?y, this method comprises the steps of detect 
ing the phase error @ affecting each pilot tone, calculating 
a WeightAi depending on the value of a transmission quality 
parameter measured for each pilot tone and evaluating a 
system clock error based on an average of the measured 
phase errors @ and their Weights Ai. 

[0019] The Weight Ai of each pilot i depends on the 
perturbation affecting the carrier considered. Thus, a ?rst 
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pilot carrier transferred With a loW transmission quality has 
a relatively loW Weight in the clock timing error determi 
nation Whereas the phase error detected for a second pilot 
carrier transferred With a high transmission quality has a 
relatively high Weight in the clock timing error. 

[0020] FIGS. 2a and 2b illustrate schematically an opera 
tion according to this method. The system considered is 
similar to the previously described system, ie a multi 
carrier transmission system using four carriers 14, 16, 18 
and 20 modulated by respective frequencies f14, f16, f18 and 

[0021] In FIG. 2a, an estimation of the receiver clock 
misalignment affecting the transmission system is per 
formed using the phase errors Q18 and Q20 of the carriers 18 
and 20, of frequencies f18 and fZO, operating as pilot tones. 

[0022] In other Words, the phase errors Q18 and Q20 
affecting respectively these pilot tones 18 and 20 are taken 
into account to evaluate a clock timing error by associating 
to each of these error phases a Weight A18 and A20, equal to 
1/2 in this case. Thus, the phase error of the system due to a 
time misalignment appears to be: ®SyS=(®18/f18+®20/QO)/2. 
As shoWn, a time misalignment results in a linear phase 
dependence. 

[0023] The FIG. 2b represents the carriers 14, 16, 18 and 
20 phase errors Q14, Q16, Q18 and Q20 after the receiver 
clock misalignment has been corrected according to such 
system phase error @sys. As a consequence, all the carriers 
phase are modi?ed according to such neW time alignment. 

[0024] The synchroniZation method described in the 
patent EP 0903897, using a group of pilot tones, might be 
perturbed When the group of pilot tones is transmitted under 
noisy conditions. The present invention solves this problem. 
It is based on the recognition that each pilot tone of the group 
might be disturbed differently by noise depending on its 
frequency. Such situation is represented in FIGS. 2a and 2b 
Wherein carriers 18 and 20 are affected by proper respective 
phase errors due to proper noise A018 and AQZO. 

[0025] Thus, the invention relates to a multi-carrier com 
munication system correcting clock timing misalignment as 
described in patent EP 0903897 While considering individu 
ally the noise affecting each pilot tone to optimiZe the system 
synchroniZation. For instance, such optimiZation may be a 
reallocation of the pilot tone function as described in patent 
EP 0785645. 

[0026] More generally, the invention concerns a method to 
synchronise a multi-carrier transmission system Wherein a 
time misalignment (At) betWeen a transmitter and a receiver 
is determined through an average of at least tWo pilot tones 
phase errors Weighted in accordance With the noise 
(Ni) affecting the pilot tones transmission, characterised in 
that, When the noise affecting a pilot tone reaches a 
predetermined level, the pilot tone function of this pilot tone 
is reallocated to another carrier and/or this pilot tone Weight 

is modi?ed. 

[0027] The above mentioned and other objects or features 
of the invention Will become more apparent and the inven 
tion itself Will be best understood by referring to the fol 
loWing description of an embodiment taken in conjunction 
With the accompanying draWing Wherein: 
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[0028] FIGS. 1a, 1b and 1c, already described, represents 
the operation of a method to allocate a pilot tone according 
to patent EP 0785645, 

[0029] FIGS. 2a and 2b, already described, represents the 
operation of a method to synchroniZe a multi-carrier system 
according to patent EP 0903897, 

[0030] FIGS. 3a, 3b and 3c represent a combined appli 
cation of the synchroniZation methods disclosed in patents 
EP 0785645 and EP 0903897 according to the invention, 

[0031] FIGS. 4a, 4b, 4c and 4d represent the operation of 
a synchroniZation method according to the invention, and 

[0032] FIG. 5 represent a scheme of a multi-carrier 
modem implementing the invention. 

[0033] According to the invention, a ?rst embodiment 
relates to a pilot tone Weight reduction in a multi-carrier 
transmission system correcting a time misalignment 
betWeen a transmitter and a receiver through an average of 
a plurality of pilot tones phase errors Weighted in accordance 
With the noise affecting such pilot tones. More precisely, 
When the noise affecting such pilot tone reaches a 
predetermined level, the Weight of such pilot tone is 
reduced. Such reduction might be a complete reset of the 
pilot tone Weight. 

[0034] Thereby, this ?rst embodiment alloWs to reduce the 
in?uence of a noisy pilot tone in the time misalignment 
determination Without requiring a modi?cation of the num 
ber of bits allocated to each carrier. In other Words, this 
embodiment does not require any bit sWap procedure. 

[0035] At the opposite, such bit sWap procedure might be 
required in a method to synchronise a multi-carrier trans 
mission system, correcting a time misalignment through an 
average of pilot tones phase errors, Wherein the pilot tone 
function is reallocated from a pilot tone to another carrier 
When the noise affecting such pilot tone reaches a predeter 
mined level. Indeed, if the pilot tone function is allocated to 
another carrier transmitting more bits than a pilot tone could 
transmit (typically more than tWo) the eXcess of bits must be 
reallocated to other carrier(s). 

[0036] Moreover such reallocation might generate arti? 
cial timing correction as explained hereinafter With FIGS. 
3a, 3b and 3c Wherein a multi-carrier system comprising 
four carriers 14, 16, 18 and 20 is considered, tWo carriers 14 
and 16, of respective frequencies f14 and f16, carrying data 
and tWo carriers 18 and 20, of respective frequencies f18 and 
fzo, being used exclusively as pilot tones. 

[0037] As represented in FIG. 3a, a clock timing error 
betWeen the transmitter clock and the receiver clock is 
corrected based on the phases Q18 and Q20 of the pilot tones 
18 and 20. Such carriers 18 and 20 Were initially equaliZed 
so that their respective initial phase error equaled Zero. 

[0038] According to an embodiment of the invention, in 
case noise strongly affects pilot tone 18, the pilot tone 
function is allocated to another carrier, for instance carrier 
16. The result of such reallocation is shoWn in FIG. 3b. In 
this case, a misalignment error is arti?cially generated if the 
average of the phase errors affecting carriers 16 and 20 
differs from the one affecting carriers 18 and 20. This might 
appear, for instance, When the phase errors of carrier 16 and 
carrier 20 are not equal to Zero due to a frequency dependent 
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time variation of the channel response. Therefrom, a cor 
rection of the clock timing synchronization is operated only 
because of this pilot tone reallocation. Such correction might 
perturb the synchronization of the system. 

[0039] To avoid this situation, in this second embodiment, 
the pilot tone function reallocation and/or the Weight reduc 
tion is operated When the average of the pilot tones phase 
errors before the reallocation and/or the Weight reduction is 
practically equal to the average of the pilot tones phase 
errors after such reallocation and/or Weight reduction. Thus, 
the pilot tone reallocation and/or the Weight reduction 
do/does not provoke a time synchronisation. 

[0040] Such a requirement may be achieved by consider 
ing tWo group of pilot tones, as described thereafter With 
FIGS. 4a, 4b, 4c and 4d relating to a multi-carrier system 
Wherein height carriers 30, 32, 34, 36, 38, 40, 42 and 44 are 
represented in function of their respective frequency f3‘), f32 
,f34 ,f36 ,f38 ,f40 ,f42 and f44 and their respective phase error 
®30> Q32 ®34> ®36> Q38, ®40> ®42> and ®44~ 
[0041] TWo groups of pilot tones are considered: 

[0042] A ?rst group of active pilot tones 38 and 40, 
Which are used to evaluate the time phase error of the 
system according to the method disclosed in the 
patent EP 0,903,897, 

[0043] A second group of inactive pilot tones 42 and 
44, Which are not considered to determine the phase 
error of the system. 

[0044] Once the system phase error has been determined, 
the carriers 30, 32, 34 and 36 and the inactive pilot tones 42 
and 44 are equaliZed as represented in FIG. 4b. Such 
equaliZation can be performed since inactive pilot tones are 
not considered to determine the system phase error. 

[0045] Thereafter, the active pilot tones 38 and 40 are 
inactivated While the inactive pilot tones 42 and 44 are 
activated. Such operation is represented in FIG. 4c. The 
time misalignment of the receiver clock is evaluated there 
from With the phase errors Q42 and Q44 affecting the neW 
active pilot tones 42 and 44. The inactive pilot tones 38 and 
40 are thereafter equaliZed. The result of this operation is 
represented in FIG. 4d. 

[0046] It might be underlined that the previously described 
method is based on the fact that a time misalignment 
correction must not be operated in parallel With a pilot 
equaliZation. The present invention is clearly not restricted 
to a method using tWo sets of pilots but it applies to any 
adaptive method that achieves the pilot equaliZation Without 
interfering With the time misalignment algorithm. For 
eXample, equaliZation of the pilot tones could be obtained 
through a method Which splits the phase error of the pilots 
into a linear frequency dependent term, corresponding to the 
average time misalignment, and a proper deviation fed into 
an adaptive equaliZation algorithm. 

[0047] An arrangement implementing the invention, 
Which operates by using an active and an inactive group of 
pilot tones and/or by reducing the Weights allocated to each 
pilot tone phase error, is described With FIG. 5. This FIG. 
5 represents a block scheme of a multi-carrier modem 
MODEM provided With a pilot carriers allocation device 
PAD, a modulator MOD and a demodulator DEM. The pilot 
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carriers allocation device PAD is equipped With a noise 
determining unit NOIS, a selection unit SEL and a commu 
nication unit COM. 

[0048] The modulator MOD is coupled betWeen a data 
input DI, via Which data D are applied to the modulator 
MOD, and a line output LO of the modem. The demodulator 
DEM on the other hand, is coupled betWeen a line input LI 
of the modem and a data output DO Whereto demodulated 
data D‘ are applied. Another output of the demodulator DEM 
is coupled to an input of the pilot carrier allocation device 
PAD and more particularly to the noise determining unit 
NOIS thereof. In the pilot carriers allocation device PAD, 
the noise determining unit NOIS, selection unit SEL and 
communication unit COM are series connected. An output 
of the communication unit COM is connected to an addi 
tional input of the modulator MOD, another output being 
connected to the demodulator DEM to operate timing recov 
ery feedback and equaliZation feedback as described there 
after. 

[0049] The modulator MOD and demodulator DEM do 
not differ in Working from knoWn, multi-carrier modems. 
They are of the Discrete Multi Tone (DMT) type. Such DMT 
modulator and demodulator are for instance used in the 
Asynchronous Digital Subscriber Line (ADSL) equipment 
Which operates in accordance With the speci?cations of the 
ANSI Standard on ADSL, entitled ‘Asymmetric Digital 
Subscriber Line (ADSL) Metallic Interface Speci?cation’, 
published by the American National Standards Institute, Inc. 
(ANSI) in April 1994. The approved version of this ANSI 
Standard on ADSL is referred to by ANSI T1.413 and is 
entitled ‘NetWork and Customer Installation Interfaces, 
Asymmetric Digital Subscriber Line (ADSL) Metallic Inter 
face. Therein, the line input LI and line output LO of each 
modem is coupled to a tWisted pair telephone line. The 
modulator MOD modulates data bits D received via its data 
input DI on a set of carriers Whose frequencies constitute a 
set of equidistant frequencies. The data bits D simulta 
neously transmitted on the different carriers in the set 
constitute Discrete Multi Tone (DMT) symbols. 

[0050] To perform the modulation, the modulator MOD is 
provided With a mapper Which maps the correct number of 
data bits on each carrier, an inverse fast Fourier transform 
processor Which converts the modulated carriers from fre 
quency domain to time domain, and a guard adder Which 
adds to each one of the DMT symbols a cyclic pre?X to 
compensate for intersymbol interference caused by trans 
mission of the DMT symbols over the tWisted pair telephone 
line. Via a digital to analog converter, the DMT symbols are 
made suitable for transmission over the line. 

[0051] The demodulator demodulates the data from the set 
of carriers and applies the demodulated data D‘ to the data 
output DO of the modem. The demodulator DEM thereto is 
composed of an analog to digital converter, a time domain 
equaliZer, a cyclic pre?X subtractor, a fast Fourier transform 
processing unit, a frequency domain equaliZer and a demap 
per. 

[0052] The time domain equaliZer is a digital ?lter Which 
shortens the impulse response of the channel, alloWing 
thereby the cyclic pre?X added to each one of the DMT 
symbols to have an acceptable length. The cyclic pre?X 
subtractor removes the cyclic pre?X from the received DMT 
symbols and the fast Fourier transform processing unit 
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converts the received symbols from time domain represen 
tation to frequency domain representation. In addition, the 
amplitude and phase distortion of the telephone line over 
Which the symbols Were transmitted, become compensated 
by a second digital ?lter Which is implemented in the 
frequency domain equalizer, and the demapper performs the 
task of extracting the correct amount of bits of each one of 
the carriers. For purposes of synchroniZation or sample 
clock adjustment betWeen transmitting and receiving station, 
the demodulator DEM further includes a digital phase 
locked loop. The input of the digital phase locked loop is 
extracted from the phase error that affects the pilot tones. 

[0053] The contents of the Discrete Multi Tone modulator 
MOD and demodulator DEM Will not be described in further 
detail Which, With respect to ADSL (Asymmetric Digital 
Subscriber Line) requirements, are described in the already 
mentioned ANSI Standard on ADSL Whilst speci?c imple 
mentations of Discrete Multi Tone modulators and demodu 
lators are found in the articles ‘A multi-carrier E1-HDSL 
Transceiver System With Coded Modulation’, Written by 
Peter S. ChoW, Naofal Al-Dhahir, John M. Cioffi and John 
A. C. Bingham and published in the issue Nr. 3, May/June 
1993 of the Journal of European Transactions on Telecom 
munications and Related Technologies (ETT), pages 257 
266, and ‘Performance Evaluation of a Multichannel Trans 
ceiver System for ADSL and VHDSL Services’ from Peter 
S. ChoW et al., published in the issue Nr. 6, August 1991 of 
the Journal of European Transactions on Telecommunica 
tions and Related Technologies (ETT), pages 909-919. 

[0054] At initialisation of such a neW installed station, 
noise on each one of the carriers is determined. In this 
embodiment, 8 frequencies (cf FIGS. 4a, 4b, 4c and 4&0 are 
considered, four of them being used to transmit data While 
four of them are used as pilot carriers. According to the 
invention, tWo pilot tones are active While tWo pilot tones are 
inactive. 

[0055] The neW installed station thereto sends a predeter 
mined pattern to the central office. Via the demodulator 
DEM in the central of?ce, the received pattern is applied to 
the noise determining unit NOIS Which compares the 
received pattern to the pattern Which Was expected to be 
received. From this comparison, the noise determining unit 
NOIS calculates the signal to noise ratio on each carrier in 
the set of carriers. The results of its calculations are applied 
to the selection unit SEL Which assigns four of the carriers 
to be used as pilot carriers. 

[0056] Consequently, the selection unit SEL selects those 
four carriers Whose signal to noise ratio by squared fre 
quency product exceeds a predetermined threshold value. 
Thereafter, the selection unit SEL selects the groups of 
carriers Which compose the group of active carriers and the 
group of inactive carriers. 

[0057] During normal Working, the active pilot tones are 
inactivated While the inactive pilot tones, continuously 
equaliZed When inactivated, are activated on regular basis. 
Moreover the noise determining unit NOIS repetitively 
determines the signal to noise ratio on all carriers in a Way 
similar as for the initialisation phase. If the quality of a pilot 
carrier transmission is reduced to a certain extent, such 
quality transmission level being characteriZed through the 
signal to noise ratio by the squared frequency product, the 

Aug. 14, 2003 

selection means SEL reallocates the pilot tone function to 
other carrier(s) and/or loWers the pilot Weight in the time 
misalignment determination. 

[0058] It is remarked that the exchange betWeen active and 
inactive groups of pilot tones could be performed on regular 
basis. Also, noise evaluation has not to be based necessarily 
on signal to noise ratio measurements as described in the 
above speci?c embodiment. It is clear to a person skilled in 
the art that any measurement giving an indication of the 
noise on each of the carriers can be used to reallocate the 
pilot carrier and/or to modify the pilot Weights. 

[0059] In an alternative embodiment, for instance, the 
average phase angle difference measured betWeen the vec 
tors representing the received carriers and the carriers 
expected to be received may be used to gain information 
about the noise on the different carriers. The noise is not 
proportional to the phase error but rather to the dispersion 
around the average received point. The selection unit SEL of 
such an alternative embodiment selects pilot carriers With a 
phase angle difference beloW a predetermined threshold. 

[0060] The activation of a group of pilot tones can also be 
based on the before hand knoWledge that certain carriers are 
likely to be disturbed at a certain time, eg because of 
existing radio transmitters in the given frequency band 
emitting at this time. 

[0061] The invention can be implemented in any multi 
carrier telecommunication system Wherein one or more 
frequencies are reserved for synchroniZation purposes. The 
implementation of the described method is clearly not 
restricted to Discrete Multi Tone modems or to the ?eld of 
ADSL. 

1. A method to synchronise a multi-carrier transmission 
system Wherein a time misalignment (At) betWeen a trans 
mitter and a receiver is determined through an average of at 
least tWo pilot tones phase errors Weighted in 
accordance With the noise affecting each pilot tone 

transmission, characterised in that, When the noise affecting a pilot tone (38, 40) reaches a predetermined level, 

the pilot tone function is reallocated from this pilot tone (38, 
40) to another carrier (42, 44) and/or this pilot tone Weight 

is reduced. 

2. Amethod according to claim 1 characterised in that the 
pilot tone function reallocation and/or the Weight reduc 
tion is operated if the average of the pilot tones phase errors 
(Qi) before the reallocation and/or the Weight reduction is 
practically equal to the average of the pilot tones phase 
errors after the reallocation and/or the Weight reduction. 

3. A method according to claim 2 characterised in that, to 
ensure that the average of the pilot tones phase errors before 
the pilot tone function reallocation and/or the Weight reduc 
tion is practically equal to the average of the pilot tones 
phase errors after the reallocation and/or the Weight reduc 
tion, the pilot tones are equalised before the reallocation 
and/or the Weight reduction. 

4. A method according to claim 3 characterised in that, to 
ensure that the average of the pilot tones phase errors before 
the reallocation and/or the Weight reduction is practically 
equal to the average of the pilot tones phase errors after the 
reallocation and/or the Weight reduction, 
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in a ?rst step, some of the selected pilot tones, called 
active pilot tones, are used to synchronise the system, 
and 

in a second step inactive pilot tones are activated to 
synchronise the system, While the active pilot tones are 
inactivated and equalised. 

5. Amethod according to claim 4 characterised in that ?rst 
and second steps are repeated on regular basis. 

6. A method according to any of the previous claims 
characterised in that, for determining the noise affecting 
each carrier, the signal to noise ratio value of each carrier is 
determined. 

7. A method according to any of the previous claims 
characterised in that, for determining the noise affecting 
each carrier, a phase angle dispersion is determined. 

8. A method according to any of the previous claims 
characterised in that the communications system is an 
Asymmetric Digital Subscriber Line (ADSL) system, 
Wherein data is modulated on sets of carriers and constitutes 
Discrete Multi Tone (DMT) symbols. 

9. An arrangement to determine, in a multi-carrier system, 
a time misalignment (At) betWeen a transmitter clock and a 
receiver clock through an average of at least tWo pilot tones 
phase errors Weighted in accordance With the noise 
(Ni) affecting each pilot tone transmission, characterised in 
that it comprises means for allocating the pilot tone function 
of a pilot tone (38, 40) to another carrier (42, 44) and/or to 
reduce the Weight of a pilot tone (38, 40) When the noise 
(Ni) affecting such pilot tone (38, 40) reaches a predeter 
mined level. 

10. An arrangement according to claim 9 characterised in 
that it comprises means for operating the pilot tone function 
reallocation and/or the Weight reduction if the average 
of the pilot tones phase errors before the reallocation and/or 
the Weight reduction is practically equal to the average of the 
pilot tones phase errors after the reallocation and/or the 
Weight reduction. 
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11. An arrangement according to claim 10 characterised in 
that, to ensure that the average of the pilot tones phase errors 
before the reallocation and/or the Weight reduction practi 
cally equals the average of the pilot tones phase errors after 
the reallocation and/or the Weight reduction, it comprises 
means for equalising the pilot tones before the reallocation. 

12. An arrangement according to claim 11 characterised in 
that, to ensure that the average of the pilot tones phase errors 
before the reallocation practically equals the average of the 
pilot tones phase errors after the reallocation and/or the 
Weight reduction, the arrangement comprises means for: 

in a ?rst step, selecting some of the pilot tones, called 
active pilot tones, to be used to synchronise the system, 
and 

in a second step, activating inactive pilot tones to syn 
chronise the system, While the active pilot tones are 
inactivated and equalised. 

13. An arrangement according to claim 12 characterised 
in that it comprises means for repeating ?rst and second 
steps on regular basis. 

14. An arrangement according to any of the claims 9 to 13 
characterised in that, for determining the noise affecting 
each carrier, it comprises means for determining the signal 
to noise ratio value of each carrier. 

15. An arrangement according to any of the claims 9 to 14 
characterised in that, for determining the noise affecting 
each carrier, it comprises means for determining a phase 
angle dispersion. 

16. An arrangement according to any of the claims 9 to 15 
characterised in that the communications system is an 
Asymmetric Digital Subscriber Line (ADSL) system, 
Wherein data is modulated on sets of carriers and constitutes 
Discrete Multi Tone (DMT) symbols. 


